Manufacturers add online direct channels that inevitably engage in channel competition with offline retail channels. Since price is an important factor in consumers' choice of purchasing channel, pricing strategy has become a popular topic for research on dual-channel competition and coordination. In contrast to previous research on pricing strategies based on the full rationality of members, we focus on the impact of retailers' fairness concerns on pricing strategies. In this study, the hybrid dual-channel supply chain consists of one manufacturer with a direct channel who acts as the leader and a retailer who acts as the follower. First, we use the Stackelberg game approach to determine the equilibrium pricing strategy for a fair caring retailer. Simultaneously, we consider a centralized dual-channel supply chain as the benchmark for a comparative analysis of the efficiency of a decentralized supply chain. Furthermore, we study pricing strategies when the retailer has fairness concerns and determine the complete equilibrium solutions for different ranges of the parameters representing cross-price sensitivity and fairness. Finally, through numerical experiments, the pricing strategies, the profit and utility of the manufacturer and retailer, and the channel efficiency of the supply chain are compared and analysed for two scenarios. We find that fairness concerns reduce the manufacturer's profits, while for the most part, the retailers' profit can be improved; however, the supply chain cannot achieve complete coordination.
Introduction
In recent years, the number of people who shop online has grown. Increasingly, manufacturers such as Lenovo, Dell, and Nike have added direct channels to increase their profitability. When a manufacturer sells through a traditional retailer and has a direct channel to consumers, it is called a dualchannel distribution system. In a dual-channel distribution system, the manufacturer and its retailers sell essentially the same products. Compared with traditional retail channels, online direct sales channels have lower operating costs, and consumers are given choices that provide them with more convenience and price discount (Takahashi K [1] ). Supplydemand and competitive relationships coexist between the manufacturer and retailer after an online direct marketing channel opens. Competition may also lead to conflicts between the two channels in terms of cross-channel price and operations.
With the popularity of online shopping, the gaps between channels in some dual supply chains are narrowing as consumers have gradually adapted to the heterogeneity of channels and shopped more rationally. According to Accenture's Chinese consumer research report for 2018 [2] , preference of consumers for shopping online or going to stores is almost equal, particularly, smart digital consumers paying more attention to price comparison. China-ASEAN Mobile Internet Industry Alliance released a survey report on comparison of online and offline shopping behaviors of consumers for 2018 [3] . The report shows that the considered factors for consumers to choose online or offline shopping are basically the same. Especially when it comes to the products that consumers often buy online, such as cosmetics, clothing, electronic products, FMCG, etc., people tend to pay more attention to the price of products. The narrowing of channel differences means that different channels will cover the same customer groups and make the problem of channel price competition become more prominent.
A large number of investigations and studies have confirmed that firms, similar to individuals, have fairness preferences when they are treated unfairly in business (Rabin M [4]; 2 Complexity Fehr E [5] ; Kahneman D [6] ; Kumar N [7] ) and have shown that fairness concerns have a significant impact on decisionmaking. Compared with the traditional supply chain, the dual-channel supply chain easily occur unfair cooperation due to channel competition and other factors, which will lead to conflicts of interest and even the breakdown of cooperation. In order to increase sales, high-end liquor companies such as Yibin Wuliangye Group Company Ltd. have added online direct channels and offered discounted product on it (Dong Zhao [8] ). The good market prospects of Chinese liquor make the liquor enterprises raise the wholesale price. Meanwhile, the liquor enterprises were trying to stabilize the offline retail price and limit the minimum selling price to maintain the brand image (Dong Zhao [8] ; Chen Xing [9] ). The impact of online direct selling and the passive situation of offline retail made some retailers feel that they have been treated unfairly and privately took the way of price-off promotions which destroyed the offline price system and damaged the interest of Wuliangye. Similar unfair phenomenon also happened in the cooperation between Gome and Gree Electric Appliances (Xuefei Zhong [10] ). How should manufacturers coordinate channel conflicts by price strategies considering retailers' fairness concern.
This paper try to apply a fairness preference and the cross-price effect to the dual-channel supply chain decisionmaking model to obtain results and insights more in line with actual management practice. In this study, we consider a dual-channel supply chain where a manufacturer acts as the leader and a fair caring retailer is the follower in Stackelberg game and approach the complete equilibrium solutions of the supply chain members.
The remainder of this paper is organized as follows. In Section 2, we review dual-channel supply chain literatures related to pricing strategy and fairness. In Section 3, we develop the structure and demand functions of a dualchannel supply chain and discuss the model assumptions and describe the parameters. In Section 4, we discuss the equilibrium pricing strategies of the members when the retailer has no fairness concerns. In Section 5, we analyse the equilibrium pricing strategies of the manufacturer and a fair caring retailer. In Section 6, a numerical experiment is used to analyse the influence of fairness concerns and crossprice sensitivity on member decisions and supply chain performance. We conclude by presenting the equilibrium results and suggesting directions for future research in Section 7. All of the proofs are provided in Appendix.
Literature Review
Our paper is related to two streams of research: pricing strategy and fairness concern in the dual-channel supply chain.
Pricing Strategy Researches in Dual-Channel Supply Chain.
Chiang et al. [11] showed that a vertically integrated online channel allows the manufacturer to constrain its retailer's pricing behavior in a dual-channel supply chain. Guo Yajun [12] showed that adding an online direct channel can expand the market, but it may also exacerbate channel conflicts and depress the retail price, leading to a loss in retailers' profit. Cattani et al. [13] studied the situation in which manufacturers adopt different pricing strategies in order to alleviate channel conflicts and found that reducing wholesale prices could alleviate the double margin effect and improve supply chain performance (Qing Fang [14] ). Considering the dual-channel supply chain led by retailers and manufacturers, respectively, and making a comparative analysis of the optimal price decision, the dominant party will make the wholesale price beneficial to maximize its profit. Yan R [15] constructed the channel demand model based on consumer utility and studied the pricing strategy considering consumers have same price sensitivity of different channels. This paper found that channel conflict can be alleviated by price strategy after manufacturers encourage retailers to improve retail services. Based on the same channel price sensitivity of consumers, Tian J F [16] studied the pricing strategy when manufacturers develop retail service. With the development of dual-channel supply chain, some researchers have found that consumers have gradually adapted to the heterogeneity of channels, especially the products that consumers often buy online. Therefore, price comparison has become the focus of consumer attention. Xu et al. [17] analysed the price comparison behavior of consumers and its impact on decision-making and profit of supply chain members and found that the retailers and supplier are all more willing to avoid the existence of price comparison with the objective of profit maximization. Shen et al. [18] researched on the pricing strategy considering price comparison behavior and designed the corresponding coordination mechanism. To reduce channel conflict, Bo Li [19] considered a consistent pricing strategy in the two channels, which means that the price in the direct channel is equal to that in the retail channel. Zhang F [20, 21] established the dynamic price game model and analysed the impact of price adjustment on the profit of supply chain members. Excessive price adjustment is often detrimental to their own interests but will make the other side to get more profits. Many scholars (e.g., [22] [23] [24] [25] ) have studied the price strategies for different channel structures and different product strategies.
The papers mentioned above have shown that price strategies play an important role in allocating channel profits and coordinating channel conflict. In dual-channel supply chain, price competition and channel conflicts may make members pay more attention to the distribution of profits; this paper make attempts to integrate members' fair preferences into pricing studies.
Fairness Concern Researches in Dual-Channel Supply
Chain. Apart from the single-channel supply chain field, few scholars are engaged in applying fairness preferences to the dual-channel supply chain in their research (You Q et al. [26] ; Guangxing Wei et al. [27] ), among which Tengfei Nie and Shaofu Du [28] , Qinghua Li and Bo Li [29] , and Fang Z et al. [20] are the most representative. Reference [28] studied the application of a quantity discount contract in a dyadic supply chain consisting of one supplier and two retailers with no cross-price influence between channels. Retailers also Complexity 3 focus on both horizontal and vertical fairness. This article determines the pricing strategies of the members of a supply chain when the fairness parameter differs. Further, it also introduces other coordination mechanisms to prove that the quantity discount contract cannot fully coordinate the supply chain. Reference [29] considered that the retailer provides value-added services, and they study the pricing decisions of the supply chain members for two scenarios: one in which the retailer has fairness concerns and a second in which it does not. The partial equilibrium solution of the channel quota is given in this article, but the complete equilibrium solution is not discussed. Reference [20] investigated two noncooperative dynamic game models: a Stackelberg game model and a vertical Nash game model. The paper used numerical experiments to analyse the influence of the retailer fairness preference on the dynamic behavior of supply chain members. The FS fairness model is simplified from using a piecewise function to using a continuous function to discuss how the retailer's behavior related to its fairness concerns influences member decisions and utility (Fujing Xu et al. [30] ; Lei Wang et al. [31] ; Bo Li et al. [32] ).
In the aforementioned articles, there is a lack of attention to fairness concerns and cross-price sensitivity. Considering the influence of fairness concerns on strategy, only the local equilibrium solution of the members is inferred, and the complete process of the member's game cannot be fully understood based on this analysis. In practice, when the market environment and the level of fairness concerns of the members change, there are multiple equilibriums, which means that the members will adopt different strategies. Therefore, the complete equilibrium solutions and the corresponding management significance will become a focus of this paper.
Problem Statement

Model Assumption and Notation.
: per unit wholesale price of the manufacturer.
: per unit offline retail price of the retailer. : per unit online direct price of the manufacturer. : the superscript n takes the values of * and * * , which denote the optimal wholesale pricing strategies with and without fairness concerns.
: the superscript n takes the values of * , * , and * * , which denote the optimal strategies under the centralized and decentralized supply chain without fairness and the strategies considering fairness, respectively. The subscript takes the values of and .
: the potential market demand of the channel. : the manufacturer's marginal cost per unit. : the cross-price sensitivity between channels. : a parameter reflecting the per unit difference in the payoffs of the manufacturer and the retailer when the retailer encounters disadvantageous unfairness.
: the demand function of the offline retail channel. : the demand function of the online direct channel. : the subscript takes the values of , , , and , which denote the total profit of both the centralized and decentralized supply chains, the manufacturer's profit, and the retailer's profits without fairness concerns, respectively.
: the superscript denotes the scenario with fairness concerns; the subscript takes the values of , , and , which denote the total profit of the supply chain, the manufacturer's profit, and the retailer's profit, respectively.
The following assumptions are made in our model. 
The Structure of the Dual-Channel
Chain and Channel Demand Function. We consider a representative dualchannel structure in our study (see Figure 1) . The supply chain consists of manufacturer M and retailer R. The manufacturer creates infinitely divisible and homogeneous products and sells through both traditional offline retailers and online direct sales channels. We establish a Stackelberg game model to describe the problem between a rational manufacturer and a retailer with a fairness concern. The process of the game is as follows: the manufacturer, as the initiator of the game, first determines the online direct selling price and the wholesale price ; the retailer acts as the follower and then sets the offline retail price .
Linear demand functions are used to characterize channel demand and have been adopted in studies (Yue X [33] ; Huang S [34] ), and the corresponding demand functions to the manufacturer and the retailer are described as follows:
The differences in channel characteristics are mainly reflected in channel price elasticity and basic market demand of channel . Subscript and represent the offline and online channels, respectively. Channel price elasticity depicts consumers' sensitivity to channel price. Basic market demand of channel reflects consumers' loyalty to the channel. When channel differences decrease, market characteristics corresponding to the original differentiated channels are gradually converging. Some scholars (Yan R [15] ; Guangye Xu [35] ) consider consumers have the same price sensitivity to different channels, but the channel loyalty is different. Channel loyalty of consumers is changing with the shopping habit. Research on China's digital consumers released by McKinsey Greater China in 2017 states that over 90% of consumers compare online and offline channels when buying consumer electronics (Wei Wang [36] ). According to a white 4 Complexity paper on big data and online cosmetics consumption in 2016, although the growth rate of e-commerce has been slowing since 2012, the proportion of online and offline consumption is expected to be evenly divided into 2018 (Niuli [37] ). Therefore, this paper considers a situation where the potential share of the channels is the same. Without loss of generality, we set parameter and to 1, as were done in the studies ( [23] ; Liu M [38] ). is the coefficient of cross-price sensitivity. The equation 0 < < 1 reflects the own-price effects, which are greater than the cross-price effects.
Obviously, it is necessary to impose additional inequity constraints on the parameters to guarantee the operation of the dual channels: (i) ≥ , ≥ . If < , then the retailer will find a less expensive source from the direct channel. (ii) ≥ 0 and ≥ 0, which ensures that every channel has sales. (iii) ≥ .
Pricing Strategy of Members When the Retailer Has No Fairness Concerns
Equilibrium Analysis of the Centralized Supply Chain.
To examine the efficiency of the decentralized supply chain both with and without fairness concerns, we consider a centralized dual-channel supply chain as a benchmark, where the manufacturer and the retailer are regarded as a vertically integrated supply chain system. The members make decisions to maximize the overall profit of the supply chain, and the wholesale price is no longer the decision variable in the centralized supply chain. The problem of the supply chain members is given as follows:
. ≥ ,
By simultaneously solving the first-order conditions of the equations above for , , it can be shown that the Hessian matrix is negative definite. The optional channel price , and the total profit of the supply chain are obtained. * = * = 2 (1 − ) − 2 ,
In an integrated supply chain, the decision maker sets a uniform retail price for both online and offline sales to avoid channel competition. Obviously, with an increase in the cross-price sensitivity coefficient, the channel price increases, and the overall profit of the supply chain increases. In reality, enterprises often adopt the same price for the dual-channel, such as Suning, but a higher level of channel management is required in this situation (Chun Yuan et al. [39] ).
Equilibrium Analysis of the Decentralized Supply Chain.
In this section, we consider a decentralized dual-channel supply chain based on the assumption that neither party in the supply chain has fairness concerns and that both make decisions to maximize their individual profits.
The Retailer's Problem.
Given the manufacturer's network direct selling price and wholesale price , according to the previous game, the profit of the retailer is maximized as follows:
The response function for the retailer can be described as follows:
The
Manufacturer's Problem. The manufacturer's decision problem can be described as follows:
Therefore, the Hessian matrix of the manufacturer's profit function
is negatively definite. The manufacturer's profit function is a concave function of and , and the decision problem is a convex optimization problem. Thus, a unique equilibrium solution exists. Therefore, we can deduce the optimal decision as follows:
It is easy to prove (11) and satisfy (9) . The optimal retail price is given by bringing (11) into (7):
Complexity 5 By bringing (11) and (12) into (6) and (8), we can obtain the profit of the manufacturer, the profit of the retailer, and the total profit of the supply chain as follows:
16 (1 − ) .
By analysing the inferred strategies and profits, we find the following: the channel efficiency ( / = ( + 7)/8) of the decentralized supply chain is an increasing function of the cross-price coefficient , which indicates that the double marginalization will be weakened when increases. Similarly, we can draw the same conclusion from the equilibrium pricing strategy. The cross-price sensitivity coefficient has a positive impact on the channel price. As increases (see (11) and (12)), both the manufacturer and the retailer will use a higher pricing strategy to improve its profits, which increases the overall profit of the supply chain.
Pricing Strategy of Members When the Retailer Has Fairness Concerns
The supply chain cannot be coordinated when the retailer does not have a fairness concern. However, it is necessary to determine how the strategy changes when we consider the effect of fairness concerns and whether channel efficiency could be improved. These issues are discussed in the following section.
The Retailer's Problem.
Because we consider the fairness concerns of the retailer in the distribution of profits, we must establish a model for fairness concerns. Some may argue that a more general model that includes both aversion to disadvantageous inequality and aversion to advantageous inequality (for example, Fehr and Schmidt [5] and Charness & Rabin [40] ) is more desirable. However, a preference for advantageous inequality is much less prominent (Loewenstein, Thompson, and Bazerman [41] did not find it in their experiment Ho & Su [42] ). Furthermore, we assume that the retailer's fairness reference is the manufacturer's profit . instead of . ( > 0) because the general setting will not produce substantially different or more insightful results than a simple setting with = 1 (Pavlov & Katok [43] ; Tengfei Nie and Shaofu Du [28] ). The utility function of the retailer can be written as follows:
where = ( − ) denotes the retailer's monetary payoff, , = ( − ) denotes the profits of the manufacturer's offline channel, and denotes the level of the retailer's fairness concern about the distribution of offline profits, as retailers pay more attention to the profits made by manufacturers from offline channels and compare them to the profits made from the online channel. If the retailer's monetary profit is lower than the equitable profit . − ≥ 0, disadvantageous inequality occurs. By contrast, if . − < 0, then = , which indicates that the retailer's utility function is equal to the profit function.
When the retailer faces disadvantage inequality, its decision problem is
.
The decision of the retailer is
The corresponding utility of the retailer is
When the retailer is faced with advantageous inequality, its decision problem is
where 2 = 3/ ; 2 = ( + 2 )/ . The corresponding utility of the retailer is
Proposition 1. The decision and corresponding utility of the retailer can be summarized as follows:
= { { { { { { { { { { { { { + + 2 > 2 − 2 2 − 1 − 1 ≤ ≤ 2 − 2 (2 + 1) 2 ( + 1) + 2 − + ( − ) 2 ( + 1) < 1 − 1 (23) = { { { { { { { { { { { { { 1 4 ( − + ) 2 > 2 − 1 ( − ) ( − 2 + + ) 1 − 1 ≤ ≤ 2 − 1 ( ( + 1) − (2 + 1) + ( + 1) + ) 2 4 ( + 1) < 1 − 1 .(24)
The Manufacturer's Problem.
We divide the feasible region of the manufacturer's strategies to obtain the equilibrium solutions. By substituting (12) into ≥ 0, ≥ 0, and summarizing other conditions ( ≥ , > , and the fairness boundary condition), we can confirm the feasible region as shown in Figure 2 .
The feasible region consists of R1, R2, and R3. R1 and R3 denote the feasible region of the manufacturer's strategy when the retailer faces both disadvantageous inequality and advantageous inequality. Therefore, R2 denotes the feasible region when the retailer obtains a fair distribution of the profits. The expressions for the boundary conditions are summarized in Table 1 .
It is easy to prove that R2 and R3 satisfy the constraint ( > 0). Considering the response functions of the different regions, we can solve the partial equilibrium strategies of the manufacturer accordingly. Then, we can obtain the optional solutions ( * * , * * ) by comparing the partial equilibrium strategies of the different regions.
In 1, we denote ( 1 , ,1 ) as the partial equilibrium strategies and 1 as the optimal profit of the manufacturer. The optimal model is as follows:
. . = (2 + 1) 2 ( + 1) + 2 + + ( − ) 2 ( + 1) ,
In R2, we denote ( 2 , ,2 ) as the partial equilibrium strategies and 2 as their optimal profit. The optimal model is as follows:
. . = 2 − ,
In R3, we denote ( 3 , ,3 ) as the partial equilibrium strategies, and 3 denotes the optimal profit for the manufacturer as follows:
. . = + + 2 ,
Therefore, the optimal profit from the decisionmaking problem for the manufacturer is max * = max{ 1 , 2 , 3 }. Thus, we denote ( * * , * * ) as the global optimal solution, which is referred to as an equilibrium strategy in the following. By substituting ( * * , * * ) into (23), we can deduce the optimal retail price . Furthermore, we can obtain the optimal profit and utility of the retailer as well as the profit of the manufacturer. First, we discuss the pricing strategies of R1, R2, and R3 (hereinafter referred to as "partial equilibrium strategies"). ( * , * , ), = 1, 2, 3, denotes the extreme point in region Table 2 .
Appendix A provides the proof of Lemma 2, the analytical expressions of all partial equilibrium strategies and the thresholds of the parameters.
Similarly, we provide the optional solutions for R2 and R3 in Lemmas 3 and 4.
Lemma 3. In R2, the partial equilibrium strategies of the manufacturer are shown in Table 3 .
Appendix B provides the proof of Lemma 3, the analytical expressions of all partial equilibrium strategies, and the thresholds of the parameters.
Lemma 4. In R3, the partial equilibrium strategy of the manufacturer is shown as follows:
The partial equilibrium strategy of the manufacturer in R3 ( * 3,2 , * 3,2 ) is equal to the partial (0 < ≤ 6 ) solution of R2 ( * 2,2 , * 2,2 ), which proves that there is no partial equilibrium strategy in R3. We can also obtain the same conclusion through the following analysis. The retailer will decide = 2 − rather than = ( + + )/2 because of the fairness concern when the manufacturer adopts the optimal pricing strategy ( * 3 , * ,3 ), which reduces the profit of the manufacturer. Thus, the manufacturer will adopt strategy 8 Complexity Table 4 : The complete equilibrium strategy of the manufacturer.
Parameter range
Equilibrium strategy * * * * 0 < ≤ 6
,3 ) after considering the situation. This phenomenon also reflects the diversity of the impact of fairness concerns on the member's decisionmaking.
Appendix C provides the proof of Lemma 4. Table 4 .
Proposition 5. By comparing the partial equilibrium strategies of R1-R3, we can determine the complete equilibrium strategies, as shown in
Appendix D provides the proof of Proposition 5, the analytical expressions of all partial equilibrium strategies, and the thresholds of the parameters.
Note that and codivide the manufacturer's final decision space in Table 4 . The complete equilibrium solution is composed of four pricing strategies of the manufacturer and the retailer. Additionally, there are some remarkable phenomena. (1) The manufacturer does not adopt the pricing strategy in R3, which is illustrated in Lemma 4. (2) When the cross-price sensitivity coefficient exceeds a threshold 3 , the pricing strategy of the manufacturer makes the offline sales volume too small, and the manufacturer may choose to cancel the offline retail channel at this time.
The expressions of the optimal solutions are complex; therefore, the analysis of Proposition 5 is supported by numerical examples in the next section. In addition, all of the thresholds for and are analytic expressions; therefore, the influence of the parameters on the members' decisions and supply chain efficiency is analysed by selecting parameters that are representative of a real-life situation.
Numerical Analysis
In this section, using numerical experiments, we provide additional management implications to prove the propositions discussed above. The analysis is conducted as follows: we analyse the impacts of the retailer's fairness concerns and cross-price sensitivity on the pricing strategies and the profits and utility of the two members in different settings. In particular, we focus on the impact of the influencing factor on the variations in channel efficiency when the members change their strategies.
As this paper mainly studies the influence of fairness concerns on dual-channel decision-making, several reference values are set for the cross-price sensitivity coefficient, and an interval simulation is conducted for the fairness concern, where varies from 0 to 1. We employ data based on a comparison of previous studies ( [23, 29] ). The cross-price sensitivity coefficient is set to 0.3 and 0.5, which means that the coefficient is normal and high, respectively. The other basic parameters in the experiments are set as follows: a=1 and c=0.3. The constraint problem is no longer considered, as the complete equilibrium solution satisfies the constraint conditions in the proof. The experimental results are shown in Figures 3-7.
Observation 6 (change in equilibrium strategy).
(1) Effects of and on Pricing Strategy. As changes, the manufacturer develops two strategies considering a fair caring retailer, as shown in Figures 3 and 4 ) is referred to as equilibrium strategy 2. The two scenarios used for the supply chain are simple; in scenario 1, the retailer does not have fairness concerns, and in scenario 2, the retailer does.
The decision analyses of the retailer and manufacturer are shown as follows. (i) In scenario 2, when the crossprice sensitivity coefficient is normal, = 0.3, and the level of the retailer's fairness concern is less. The manufacturer will set a high wholesale price and direct channel price to reduce the profits of an ambitious retailer in a traditional retail channel, which results in a disadvantageous inequality. As increases, meaning that the retailer's sense of fairness grows stronger, the manufacturer sets a lower * 1 and * 1 , and the retailer will set a higher retail price * 1 . When the parameters exceed the threshold (0.57), the manufacturer will adopt equilibrium strategy 2, which consists of a lower and , to achieve channel fairness. (ii) In scenario 2, when the cross-price sensitivity coefficient is high, = 0.5, the price strategies of the retailer and manufacturer are all higher than before ( = 0.5). Another interesting phenomenon is observed. As the cross-sensitivity coefficient increases, the manufacturer becomes more likely to always adopt one strategy without considering the disadvantageous inequality, which leads the retailer to care more about fairness. This phenomenon reflects the diversity of strategies used by members, which conflicts with the conclusions of Qinghua Li [29] and proves Proposition 5. (iii) The wholesale price and online direct price in scenario 2 are always lower than those for scenario 1, and the gaps slowly increase as increases.
Compared to the manufacturer, the offline retail price set by the retailer in scenario 2 is lower than that in scenario 1 only when the fairness channel exists. (iv) Retailers with a stronger fairness concern are more likely to enter a neutral state or obtain a fairness result.
Observation 7 (changes in the profits and utility of the members).
(1) Effects of and on the Manufacturer's Profit. We can deduce some information by observing Figure 5 . (i) In Figure 5 , = 0.3, and the manufacturer adopts equilibrium strategy 1, as the profit of this strategy is higher than that of equilibrium strategy 1. As increases, the gap between the two strategies decreases. Therefore, the manufacturer will change its strategy if the level of the fairness concern of the retailer exceeds a threshold . A comparison of the profit for the manufacturer's two strategies is proof of the previous analysis in Observation 6. While the cross-price sensitivity coefficient is high, when =0.5, the manufacturer will always adopt equilibrium strategy 1 even though the corresponding profit decreases as increases. This phenomenon occurs because the manufacturer would rather have a disadvantageous inequality existing than preserve a fairness channel that could hurt his interest. (ii) Due to retailer's behavior related to his fairness concern, the manufacturer's profit is always less than in scenario 1. (iii) Cross-price sensitivity has a positive effect on the manufacturer. Figure 6 shows the utility and profit of the retailer. Similarly, the analysis has some implications. (i) Compared to scenario 1, the profit and utility of the retailer increase because of his fairness concern, which differs from that of the manufacturer.
(2) Effects of and on the Retailer's Profit and Utility.
(ii) The retailer's utility ( = 0.3) is more than that for ( = 0.5) as increases. If > , the fairness channel exists, and both the utility and profit increase considerably. It can be seen that fairness concerns have a greater effect on the retailers than cross-price sensitivity.
Observation 8 (changes in channel efficiency). The fairness concern of the retailer will affect the decisions and profits of the members. To further illustrate the impact of the retailer's fairness concerns on double marginalization, we use ( * + * )/ * to present the channel efficiencies, as done in [29] , where * represents the total profit of the centralized supply chain. Figure 7 illustrates how the channel efficiencies change as increases and changes. Figure 7 provides valuable information. (i) An increase in widens the gap between the two scenarios when the retailers' fairness concerns do not reach a certain level ( < ). The intuitive explanations for this result are as follows. As increases, the manufacturer reduces both the wholesale prices and the network direct prices, while the retailers raise retail prices to boost their profits, which leads to double marginalization. (ii) We discuss the situation in which the level of the retailers' fairness concerns exceeds the threshold ( > ). In this case, cross-price sensitivity is normal. The manufacturer adopts a lower pricing strategy because he is focused on the retailer's fairness concerns. This adjustment results in a fairness channel. Then, the retailer obtains a greater profit even after setting a lower price. The performance of the supply chain is obviously enhanced and tends towards Pareto optimality. Simultaneously, crossprice sensitivity is high. Channel efficiency decreases as increases. This change can be explained by the fact that the manufacturer's strategy considers his own interests, and he did not provide a fair distribution for the retailer. (iii) The supply chain cannot be coordinated by a constant wholesale price in scenarios 1 and 2.
Concluding Remarks
In this paper, we considered a dual-channel supply chain that includes one manufacturer and one retailer. A supplydemand relationship and a competitive relationship will coexist between the manufacturer and retailer after an online direct marketing channel opens. Based on this complex relationship, we investigated the considered model with two scenarios to represent whether the retailer has fairness concerns. Simultaneously, the cross-price sensitivity coefficient, which affects the price competition between dual channels, is emphasized in the analysis of pricing decisions. By theoretical derivation, we get the following conclusions and management enlightenments as follows. When the manufacturer faces a rational retailer, the optimal pricing strategy of the decentralized supply chain members are increasing functions of the cross-price coefficient . Therefore, the enterprise managers can set a relatively high retail price, and its negative effect on channel demand will be weakened when all channel consumers pay more attention to price comparison between channels. The result is more conducive to improving the profits of supply chain.
The channel efficiency of the decentralized supply chain is an increasing function of the cross-price coefficient , which indicates that the double marginalization will be weakened when increases.
Retailers' fair concern behavior has an impact on price strategy. We integrate fair concern into the study of price strategy. Different from previous studies, this paper deduce a complete set of pricing decisions when manufacturers balance channel fairness and self-interest. and codetermine the manufacturer's final decision which reflect that rational manufacturers should take into account both the crossprice impact between channels and retailers' fair behavior when formulating pricing strategies. The decision set reflects that when the cross-price influence coefficient is fixed, the retailers with stronger fair concern are more likely to impel the manufacturer to make a relatively fair price strategy.
Furthermore, by numerical experiments, the thesis and propositions are verified. Some findings and the corresponding management implications are given as follows.
When the cross-price influence between channels is lower, retailers that are more concern about fairness impel manufacturers set a lower wholesale price and online direct price which is conducive to channel coordination. This phenomenon is consistent with previous inference. When the cross-price influence between channels is higher, manufacturers establish higher price strategies which are more beneficial for their own interests. Considering the retailer's fairness concerns, the cross-price effect is not always conducive to supply chain coordination, which is different from the situation facing rational retailers. Therefore, when confronting a retailer with strong fairness concerns, it is more suitable for the manufacturer to cooperate when the cross-price impact between channels is relatively low. In contrast, among those retailers less concerned about fairness, rational retailers would be better partners.
In order to further explore the article's conclusions on the application value of supply chain management. A natural extension of our research would be to test our model predictions. For example, our analysis predicts that the manufacturer will obtain less profit when he provides a fair distribution for the retailer in the offline retail channel. In the home furnishings industry of China, the offline retailers feel that they have been unfairly treated based on the loss of profits due to direct channels. Some brands such as KUKA propose giving 10-15% of their profits to dealers [44] . To enhance offline marketing, Vivo surrenders a greater portion of the profits to offline mobile phones retailers, while some brands do not give enough profits, which results in low sales enthusiasm on the part of retailers [45, 46] .
Complexity
The demand functions are constructed for the dualchannel supply chain with homogeneous channel. The implication of this paper has limitations to some extent. Not all product consumers are primarily concerned with price when choosing shopping channel. Furthermore, some manufacturers adopt a heterogeneous product strategy to effectively alleviate the channel conflict. Therefore, considering the heterogeneity of channels and conducting a systematic statistical analysis of our model is a significant topic for future research.
Appendix
A. Proof of Lemma 2
In region 1, the manufacturer's problem is as follows:
Therefore, the Hessian matrix of the manufacturer's profit function can be calculated.
There is a threshold for the cross-price sensitivity coefficient, 1 = 2√2(2 2 + 3 + 1)/(17 2 + 24 + 8). When ∈ (0, 1 ), the Hessian matrix is negative definite. The manufacturer's profit function is a concave function of and , and the decision problem is a convex optimization problem. Thus, a unique extreme point exists. If the extreme point is in the feasible region, then the extreme point is the partial equilibrium solution for the manufacturer. In contrast, the partial equilibrium solution is on the boundary of R1. If 1 ≤ < 1, the Hessian matrix is neither negative definite nor positive, which can be easily proved. In this case, there is no extreme point in the feasible region, which suggests that the optimal solution in R1 is on the boundary.
The process of deduction is as follows:
(1) For inferring the complete partial equilibrium solutions in R1, some basic work should be solved, including the extreme point, the optimal value of the boundary and the corresponding parameter range. This part is given in Appendix A.1.
(2) By comparing the results of Appendix A.1, we could deduce the partial equilibrium solution and the corresponding parameter range when the Hessian matrix is negative definite (0 < < 1 ). This part is given in Appendix A.2.
(3) When 1 ≤ < 1, we should determine the optimal value of each boundary of R1 and the corresponding parameter range. By comparing the results of Appendix A.1, we can obtain the corresponding partial equilibrium solutions. This part is given in Appendix A.3.
A.1. Basic Work. (1)
The optimal solution on boundary L1 and the corresponding parameter range are as follows.
The manufacturer's problem is as follows:
The optimal profit of the manufacturer on L1 is (A.12) (4)The optimal solution on boundary L5 and the corresponding parameter range are as follows:
By solving the problem, we can obtain the following:
(A.14) and * ,1 into all the boundaries. "+" denotes the extreme point that satisfies the corresponding constraint; similarly, "-" indicates that the constraint is not satisfied. The results of all the constraints are summarized in Table 5 .
The extreme point satisfies all the constraints. Thus, the corresponding partial equilibrium solution in this situation is Table 5 , only constraint (L3) is not satisfied, which implies that the partial equilibrium solution is on the boundary of L3. Combined with the results for L3 of Appendix A.1, we can prove that 2 < 9 . Therefore, we can infer the corresponding partial equilibrium solution in this situation:
(A.18) Table 5 , only constraint (L3) is not satisfied, which implies that the partial equilibrium solution is on the boundary of L3. Combined with the result of L3 of Appendix A.1, we can prove that 1/( +1) < 3 . Therefore, we can infer the corresponding partial equilibrium solution in this situation:
A.3. Inferring the Partial Equilibrium Solution When
Analysis 4. In this case, there are no extreme points in the feasible region, which suggests that the optimal solution in R1 is on the boundary. We need to infer and compare the solutions of L1, L3, L4, and L5.
(1) For all ∈ (0, 1), it is easy prove that 1 > (−5 − 2 + √ 33 2 + 40 + 16)/2( + 1), 1 > 1/( + 1), and 1 − 1/2 < ( 1 )
2 . Then, we can infer the solution on each boundary, which is shown in (2)-(5).
(2)
Combined with (2)- (5), we can calculate it further. (6)
(A.24) Combined with (6)- (8), we can confirm that the partial equilibrium solution is
By summarizing Analyses 1-4, we can obtain the partial equilibrium solution set in region R1, which is shown in Table 2 .
B. Proof of Lemma 3
The problem of the manufacturer is
There is a threshold for the cross-price sensitivity coefficient, 4 = 2 √ 2/3. When ∈ (0, 4 ), the Hessian matrix is negatively definite. If 4 ≤ < 1, then the Hessian matrix is neither negative definite nor positive definite. Similarly, we use a method such as Lemma 2 to deduce the conclusion. For all ∈ (0, 1), ∈ (0, 1), < * 2,2 < ∈ (0, 1). (3)The optimal solution on boundary L3 and the corresponding parameter range are as follows:
The optimal solution on boundary L6 and the corresponding parameter range are as follows: We substitute ( * 2 , * ,2 ) into each boundary. "+" indicates that the extreme point satisfies the corresponding constraint; similarly, "-" indicates that the constraint is not satisfied. The results of all the constraints are summarized in Table 6 . We analyse the equilibrium solution of different parameter ranges and use ( 2 , ,2 ) to denote the corresponding partial equilibrium solutions in R2.
Analysis 1 (if {0 < ≤ 6 } ∩ {0 < < 1}). Based on Table 6 , only constraint (L2) is not satisfied, which implies that the partial equilibrium solution is on the boundary of L3. Combined with the results for (2) of Appendix B.1, we can infer the corresponding partial equilibrium solution in this situation:
Analysis 2 (if { 6 < ≤ 5 } ∩ {0 < < 1}). Based on Table 5 , all the constraints are satisfied, which implies that the extreme point is the partial equilibrium solution.
Analysis 3 (if { 5 < < 4 } ∩ {0 < < 1}). Based on Table 6 , only constraint (L1) is not satisfied, which implies that the partial equilibrium solution is on the boundary of L1. Combined with the result of Appendix B.1 (1), we can infer the corresponding partial equilibrium solution in this situation: Analysis 4 (if { 4 ≤ < 1} ∩ {0 < < 1}). Similarly, with R1, we should determine and compare the optimal solutions for L1, L2, L3, and L4.
∈ (0, 1) , Combined with (1)- (4), the partial equilibrium solution is
(B.13)
To summarize Analyses 1-4, we can obtain the partial equilibrium solution set in region R2, which are shown in Table 3 .
C. Proof of Lemma 4
The manufacturer's problem in R3 is 
D. Proof of Proposition 5
We have obtained the partial equilibrium solution set of R1, R2, and R3. The manufacturer would compare the solutions for the different regions that are in the same parameter range and choose the optimum solution as the equilibrium pricing strategy. The process of inference is as follows:
(1) By comparing the different thresholds in Lemmas 2-4, we can divide the parameter ranges that the solution needs to compare. This part is given in Appendix D.1. (D.1)
Combined with (1) and (2), we can conclude 
The problem of the manufacturer's decision is shown in Table 7 :
The problem of the manufacturer's decision is shown in Table 8 :
The problem of the manufacturer's decision is shown in Table 9 .
D.2. R3 and R2: Comparison of the Partial Equilibrium Solutions of R3 and R2
Analysis 1 (if {0 < ≤ 6 } ∩ {0 < < 1}). As * 3,2 = * 2,2 , * 3,2 = * 2,2 , the partial equilibrium solutions of R3 and R2 are the same.
Analysis 2 (if { 6 < ≤ 5 } ∩ {0 < < 1}). It is easy to prove that .2 ( * 2 , * 2 ) − .3 ( * 3,2 , * 3,2 ) > 0. Thus, the partial equilibrium solutions of R2 are better than those for R3.
Analysis 3 (if { 5 < < 1} ∩ {0 < < 1}). For all 5 < < 1 and 0 < < 1, we can prove that
. The manufacturer would choose the solution of R2.
Analysis 4.
By combining Analysis 1-3, we find that the partial equilibrium solution of R2 is always more profitable than R3. Combined with Appendix D.1 (4)-(6), the problem of the manufacturer's decision can be simplified and is shown in Tables 10 and 11 .
(1) If 0 < ≤ 1 . See Table 10 . 
We have summarized (E1)-(E12), and the complete equilibrium solutions are shown in Table 4 .
Complexity
Data Availability
The numerical experiment in this paper is mainly based on the inferred conclusion in this paper, and the corresponding parameter assignment is explained at the beginning of Section 5. Parameter setting mainly refers to the parameter setting of other similar studies, and references have been cited in this paper.
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